Myocardial blood flow responses to selective coronary arteriography were studied in 22 patients. Left coronary flow was estimated by the radioactive inert-gas (133xenon) washout technic using precordial detection. Duplicate control studies were obtained before radiocontrast injection and test studies were performed at 1 min and 3, 5, or 7 min after angiography. Eleven patients received a single 7-ml injection of methylglucamine diatrizoate and 11 were given a series of injections (average total 40 ml), with the test blood flow studies after the final injection.
Reports demonstrating the marked hemodynamic and vascular effects of hypertonic contrast material on the systemic circulation suggest that important changes might occur with coronary arterial injection. [1] [2] [3] [4] [5] Studies in open-chest dogs and in intact animals have demonstrated that increases in coronary blood flow do occur following intracoronary injection of contrast material.2' 6-11 The development of the radioactive inert-gas washout method for determination of myocaidial blood flow has made studies of the coronary circulation readily available clinically.12 This technic is being used increasingly to evaluate responses to pharmacologic interventions and the effects of electrically induced tachycardia Circulation, Volume XLVI, September 1972 CORONARY ARTERIOGRAPHY and exercise in normal individuals and patients with coronary heart disease.'13-7 Radiographic contrast material is usually required for coronary catheter positioning in these studies and coronary angiography is frequently performed during the same procedure. Knowledge of the coronary hemodynamic effects of contrast material is important in evaluating the findings, as well as for a more complete understanding of responses to selective coronary angiography. The purpose of this study was to determine the effects of selective coronary arterial injection of radiographic contrast material on myocardial blood flow in patients with normal and diseased coronary arteries. The results of duplicate determinations of myocardial blood flow through the left coronary artery in 41 patients are presented in figure 1 . There was a small difference between the mean values for the two studies (64.9 vs Myocardial blood flow 1 min after contrast injection was higher than the control value in every patient. The average for the entire group rose from a control flow of 66.3 ml/min/100 g to 78.8, an 18.9% increase (P<0.001). Blood flow increased further in seven of 10 studied after 3 min. The average flow at this time, 95.7 ml/min/100 g was 35.7% above the control level (P < 0.001). Myocardial flow remained elevated above the 1-min value in six of eiglt studied at 5 min and in Circulatton, Volume XLVI, September 1972 two of three patients after 7 min. Only one individual (patient 4) had a blood flow lower than the control level at any time after contrast injection.
The findings in the three patients who had sham injections of normal saline solution are shown in figure 2 . There was essentially no change in myocardial blood flow at 1 and 3 min following saline injection. The same individuals were then given 7-ml injections of contrast material. Blood flow increased at 1 and 3 min following contrast injection to the same extent in these patients as was seen in the entire group.
Myocardial blood flow responses in patients with obstructive disease of the left coronary artery system are compared to those with normal vessels in figure 3 . The average control flow was lower in patients with coronary obstructive disease (61.1 ± 2.1 ml/min/100 g, mean + SEM) than in those with normal arteries (72.7 ± 5.4 ml/min/100 g) but the difference was not significant (0.1 > P > 0.05). Myocardial flow increased equally in the two groups after contrast injection with no significant difference at 1 or 3 min (0.1 > P > 0.05 and P> 0.1). coronary hematocrit. This was followed by coronary vasodilatation and increased flow,9 a sequence similar to that in the systemic circulation.2 4 The rapid onset of increased flow, the consistent relationship to hypertonicity of the material injected, and the profound local fluid shifts have all pointed to a direct effect of contrast material on the vascular wall. Whether this is due to a reduction in vascular smooth muscle tone, or loss of fluid in the vessel wall with increased lumen size, has not been determined.
Reactive hyperemia might be anticipated following contrast injection due to temporary interruption of myocardial oxygenation and perhaps accentuated by the high viscosity and slow passage of contrast through the coronary circulation. However, Griggs et al. found that the rise in coronary flow following contrast injection in dogs was greater than that attributable to reactive hyperemia.10 Further, they found the large increase in coronary flow was paralleled by a rise in coronary sinus blood oxygen, with no change in myocardial oxygen consumption. This would seem to exclude reactive hyperemia as a major determinant of the increase in flow. Their studies of coronary sinus blood oxygen saturation in five patients having selective coronary arteriography suggested the same was true in humans.
A reflex decrease in vascular resistance which can be prevented by ganglionic blockade has been demonstrated following systemic angiography.4 However, Marshall and Shepherd found that increases in femoral artery flow following hypertonic injections in dogs were unchanged after denervation of the leg.'9 Whether coronary injection of contrast material might activate a cpronary chemoreflex or central circulatory reflexes, or would act more as an isolated vascular bed similar to the leg, is not known. Pharmacologic interventions to determine the possible role of autonomic influences on myocardial blood flow were not feasible in our patients. However, from the above data it appears that vasodilatation due to a direct action of contrast material on the vascular wall is the primary mechanism for the changes in coronary vascular resistance and blood flow.
Previous studies using the 133Xe technic and other methods have shown that myocardial blood flow is normal at rest in patients with coronary artery disease.12 15-17, Further investigations using a variety of stresses designed to increase coronary flow, including exercise, isoproterenol and epinephrine infusion, and pacing-induced tachycardia, have usually demonstrated no difference between the responses of normal individuals and those with coronary stenosis.15-17, 24, 25 Knoebel et al. did find a correlation between the severity of coronary artery disease and the response of myocardial blood flow to increased myocardial oxygen demand induced by right atrial pacing or isoproterenol infusion.26 Measuring myocardial blood flow by the rubidium clearance technic, they demonstrated that patients with more severe coronary disease were unable to increase myocardial flow to the same extent as normal volunteers or patients with less severe coronary disease using either form of stress. In our studies the increase in myocardial flow in response to a completely different challenge from those above was the same in patients with coronary narrowing as in normal subjects, and was unrelated to the degree of narrowing.
Indeed, it seemed remarkable that even individuals with extensive severe obstructive disease (patients 9, 11, 16, 17, 21, and 22) were capable of appreciable increases in coronary flow after contrast injection. This suggests, as Rowe has proposed, that even in diseased coronary vessels the site of vascular resistance still lies peripherally in the arterioles rather than in the areas narrowed by atherosclerosis.22 Such vessels might still have a considerable capacity for increased flow, as indicated in the above studies. Rowe has expressed the need for a method for determining maximal coronary blood flow to more Circulation, Volume XLVI, September 1972 critically evaluate the significance of obstucting coronary artery disease. 22 Two implications of these findings are apparent. The first concerns the potential protective effect of increased blood flow on myocardial oxygenation during coronary angiography. Radiographic contrast material is very viscous, markedly hypertonic, nonoxygenated, and not a desirable medium for perfusing the coronary arteries. The anticipated adverse effects of the contrast material may well be counterbalanced by the increase in myocardial blood flow and tissue perfusion resulting promptly after contrast injection and persisting for several minutes.
Second, any interpretation of changes in myocardial blood flow resulting from pharmacologic or other interventions must consider the possible influence of contrast material on the results. Contrast material is commonly used when positioning the catheter in the coronary artery and in verifying the position subsequently. It is apparent that this alone may alter coronary blood flow appreciably and that the effect may persist for at least 7 min.
